Inadequate recall of resuscitation protocols has contributed to poor performance of resuscitation in simulation studies. We asked, does the level of anaesthesia training affect knowledge of cardiopulmonary resuscitation protocols?
Good management of cardiopulmonary arrest optimizes patient survival and minimizes morbidity. Inadequate recall of basic and advanced life support protocols has contributed to poor performance in studies designed to assess resuscitation skills [1] [2] [3] . The effect of training and experience has been variable in these studies, including no effect with seniority 1 and greater 2 or lesser 3 knowledge with increasing level of training. We asked does the level of anaesthesia training affect knowledge of cardiopulmonary resuscitation protocols?
METHODS
The Austin and Repatriation Medical Centre is a tertiary referral hospital affiliated with the University of Melbourne. The Department of Anaesthesia has 16 anaesthesia consultants and 22 anaesthesia trainees. We assessed knowledge of protocols by a questionnaire given to all full-time staff members of our department. The basic life support and advanced cardiac life support protocols of the hospital were used to develop the questions. These protocols were based on the Australian Resuscitation Council Guidelines 4 : they are displayed in each operating theatre and in recovery. To allow for variation in the protocols used by individuals we accepted answers from the Australian guidelines as well as the guidelines of the European Resuscitation Council 5 , the Resuscitation Council U.K. 6 , the American Heart Association 7 and the International Liaison Committee on Resuscitation (ILCOR) 8 .
Ten questions were asked covering basic life support (three), advanced adult life support (seven) and paediatric life support (two) ( Table 1) . A correct response was recorded if all parts of a question were answered correctly. The results were analysed according to level of training accredited by the Australian and New Zealand College of Anaesthetists: hospital medical officer with no College accredited anaesthesia training, accredited registrar year 1 or 2 (junior registrar), accredited registrar year 4 or provisional fellowship year (senior registrar) and consultant. For individual results the median number of correct answers out of 10 and the 95% confidence intervals for the medians were calculated. Because of the small numbers in each group we pooled the results and calculated the total percentage of correct answers in each group, being the total number of correct answers 
Question 4
Which of the following may be given via an endotracheal tube? -adrenaline -atropine -bicarbonate -calcium -magnesium -lignocaine Adrenaline, atropine and lignocaine
Question 5
What is the first-line drug used for-VF Adrenaline -asystole Adrenaline -PEA (pulseless electrical activity) Adrenaline
Question 6
What is the second-line drug used for-VF Lignocaine or Adrenaline -Asystole Atropine or Adrenaline
Question 7
What energy levels are used for the first three DC shocks in adult fibrillation for VF/pulseless VT? 200 J 200 J or 300 J or 360 J 360 J
Question 8
What energy levels are used for the first three DC shocks in paediatric defibrillation? 2 J.kg -1 2 J.kg -1 or 4 J.kg -1 4 J.kg -1
Question 9
In a patient with VF, which of the following should be done between the initial three attempts at defibrillation? -continue basic life support Only check the monitor -adrenaline IV -remove the paddles -check the monitor -intubation
Question 10
List (up to eight) reversible causes of pulseless electrical activity Any six or more of: -hypovolaemia -hypoxia -metabolic derangements -hypothermia -tension pneumothorax -cardiac tamponade -toxicity/anaphylaxis -embolism/mechanical from all respondents divided by the total number of answers given.
RESULTS
Thirty-three questionnaires were distributed, of which 28 were returned completed ( Table 2) . Four consultants and one senior registrar did not return the form. One consultant did not complete questions 6 to 10 on the back of the questionnaire. These omitted answers were not included in the analysis.
For individuals, the median number of correct answers out of 10 and 95% confidence intervals for the medians were: hospital medical officers 4 (3 to 7); junior registrars 6 (5 to 7), senior registrars 9 (6 to 10), and consultants 3 (1 to 6).
Pooled results are shown in Figure 1 and Table 2 .
Of 275 answers, 148 answers (54%) were correct. The proportions of correct answers were: hospital medical officers 50%, junior registrars 62%, senior registrars 84%, and consultants 42%.
DISCUSSION
In many hospitals including ours, anaesthetists and anaesthetic trainees have a central role in the management of in-hospital cardiac arrest and manage all arrests in the operating suite. Arrest response teams include a member of the anaesthetic department, as do the committees that formulate hospital resuscitation protocols. We found that consultant anaesthetists had poor knowledge of cardiopulmonary resuscitation protocols.
Quiney and colleagues studied 24 consultant anaesthetists 9 and concluded that this group retains life support skills well, with 79% of the group being "competent" at following the U.K. Resuscitation Council guidelines. The authors suggested this result was associated with daily opportunities for anaesthetists to practise resuscitation skills. The Australian Incident Monitoring Study 10 , however, found that cardiac arrest during anaesthesia is now so rare that anaesthetists are unlikely to get direct experience in managing cardiac arrests. Unlike Quiney 9 , most studies assessing the resuscitation skills of anaesthetists have found poor compliance with resuscitation protocols. Fielden ruption of the initial "stacked" shocks. Bell 2 conducted a similar study of the management of simulated ventricular fibrillation in trainee anaesthetists. In this study 70% of the subjects had poor knowledge of the protocol, resulting in a successful treatment rate of 27%. Again, poor recall of the protocol resulted in errors in drug dosage and defibrillator energy levels. The role of experience in the recall of arrest management guidelines has been assessed in some studies. In contrast to those cited above 1,2 , one study 3 has demonstrated deterioration in knowledge with increasing seniority of trainees. However, those who had passed the Royal College of Anaesthetists part 1 or part 3 exam in the preceding year performed better than other subjects, suggesting the benefit of recent exam revision.
We studied resuscitation knowledge rather than resuscitation skills. In all areas of the study there was a pattern of increasing recall of guidelines with increasing experience as a trainee. This is in keeping with the notion that exam preparation increases exposure to protocol details that may be recalled in a questionnaire such as ours. In contrast, the consultant group performed worse than all other groups except in the paediatric life support questions, where the results from the hospital medical officers and junior registrars were worse. Compared to the senior registrars who had a median correct answer rate of nine out of 10 and a pooled correct rate of 84%, the consultants had a median correct rate of three out of 10 and a pooled correct rate of 42%. Despite the small number of subjects the 95% confidence intervals for the medians only just overlapped at a median correct rate of six out of 10. We were surprised at how poorly the consultants performed. We cannot, however, assume from our findings that consultants are less able to resuscitate patients. Previous studies, using simulated arrest scenarios, have not shown worse performance by specialist anaesthetists compared to trainees 9 . We believe that the superior technical skills of the consultants would improve management of cardiac arrest. The poor knowledge of the consultants may affect the role of anaesthetists as experts on management of in-hospital cardiopulmonary arrest. Knowledge of specific elements of a hospital arrest protocol is important for teaching and supervising good cardiac resuscitation.
Regular training and assessment of specialist anaesthetists should be encouraged to maintain high knowledge levels of cardiopulmonary resuscitation. At the time of our study, in July 1999, there was no regular training for consultants or senior registrars.
Junior registrars had a one-hour lecture at the beginning of the year. Hospital medical officers, however, had taken part in two half-day sessions on basic and advanced life support for adults. These sessions included lectures, skill sessions, and practical assessment. In places where Advanced Cardiac Life Support (ACLS) certification is compulsory, there is a relationship between the time since ACLS training and the ability to adequately follow resuscitation guidelines 11 . Kurrek and colleagues recommend review of ACLS skills at least every two years 12 . This is the current recommendation of the American Heart Association who regulate ACLS in the United States (American Heart Association, Advanced Life Support Courses. Available at http://www.proed.net/ecc, accessed 31 May 2000). Other studies suggest that the ability to follow protocols deteriorates in less than twelve months 11, 13 . We believe that all anaesthetists and anaesthesia trainees should have yearly cardiopulmonary resuscitation training.
Several factors may limit the ability of an anaesthetic department to annually train all consultants and trainees in cardiopulmonary resuscitation. These include: limited time and resources for teaching, a lack of skilled educators and resistance by members of the department. Computer-aided learning 14 and simulated anaesthesia or arrest scenarios 15 may improve training and improve knowledge of protocols. Introduction of this training in anaesthesia departments should be assessed. Using sample sizes larger than ours, researchers would compare anaesthesia departments with and without cardiopulmonary resuscitation training programs to ask, do the programs improve knowledge of and performance of resuscitation? A further question is, what is the best training frequency?
We found that senior anaesthesia trainees around the time of their Fellowship exams had the best knowledge of cardiopulmonary resuscitation protocols and consultant anaesthetists had the worst. We have recommended annual training in resuscitation skills and knowledge for all anaesthetists in our department, with assessment. We suspect that the knowledge patterns shown in this study are similar in many hospitals. We recommend that all anaesthesia departments consider their own continuing medical education needs for resuscitation.
